
https://doi.org/10.1177/17562864221104508 
https://doi.org/10.1177/17562864221104508

journals.sagepub.com/home/tan 1

Ther Adv Neurol Disord

2022, Vol. 15: 1–14

DOI: 10.1177/ 
17562864221104508

© The Author(s), 2022.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).
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Introduction
Myasthenia gravis (MG) is a rare autoimmune 
disease caused by autoantibodies binding to ace-
tylcholine receptor (AChR), muscle-specific 
kinase (MuSK), lipoprotein receptor–related pro-
tein 4 (LRP4), or other related crucial proteins in 

the postsynaptic muscle membrane.1 Typical 
symptoms include fluctuating weakness of skeletal 
muscles, which can be localized or generalized, 
and unusual fatigue, which is a feeling of tiredness 
or an experienced lack of energy not related to 
muscle weakness and often interferes with mental 
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Abstract
Background: About half of myasthenia gravis (MG) patients with purely ocular symptoms at 
onset progress to generalized myasthenia gravis (gMG).
Objectives: To develop and validate a model to predict the generalization of MG at 6 months 
after disease onset in patients with ocular-onset myasthenia gravis (OoMG).
Methods: Data of patients with OoMG were retrospectively collected from two tertiary 
hospitals in Germany and China. An accelerated failure time model was developed using the 
backward elimination method based on the German cohort to predict the generalization of 
OoMG. The model was then externally validated in the Chinese cohort, and its performance 
was assessed using Harrell’s C-index and calibration plots.
Results: Four hundred and seventy-seven patients (275 from Germany and 202 from China) 
were eligible for inclusion. One hundred and three (37.5%) patients in the German cohort 
progressed from OoMG to gMG with a median follow-up time of 69 (32–116) months. The 
median time to generalization was 29 (16–71) months. The estimated cumulative probability 
of generalization was 30.5% [95% CI (confidence interval), 24.3–36.2%) at 5 years after 
disease onset. The final model, which was represented as a nomogram, included five clinical 
variables: sex, titer of anti-AChR antibody, status of anti-MuSK antibody, age at disease 
onset and the presence of other autoimmune disease. External validation of the model using 
the bootstrap showed a C-index of 0.670 (95% CI, 0.602–0.738). Calibration curves revealed 
moderate agreement of predicted and observed outcomes.
Conclusion: The nomogram is a good predictor for generalization in patients with OoMG that 
can be used to inform of the individual generalization risk, which might improve the clinical 
decision-making.
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or physical activities. At disease onset, almost half 
of MG patients presented with pure ocular symp-
toms, for example, ptosis or diplopia, which are 
frequently defined as ocular-onset myasthenia 
gravis (OoMG).2

In many cases, OoMG is visually disabling and 
results in a reduced quality of life.3,4 Both the dis-
ease course and response to treatment of OoMG 
differ individually.2 More than half of patients with 
OoMG will develop generalized MG (gMG), 
mostly within 2–3 years after disease onset.5–11 A 
small randomized controlled trial of prednisone for 
OoMG12 and a few retrospective studies5,10 have 
suggested that the usage of prednisone seems to be 
safe and useful to prevent the generalization of 
OoMG. Moreover, our previous study suggests 
that thymectomy before the generalization of 
OoMG might improve clinical outcomes com-
pared with thymectomy only after generalization.13 
Thus, minimally invasive thymectomy might also 
be a treatment option for well-defined patients 
with OoMG, given the side effects of long-term 
treatment with prednisone.14 However, since not 
all patients with OoMG will progress to gMG, a 
wait-and-see strategy appears to be justified hop-
ing to achieve spontaneous remission and avoiding 
the ‘aggressive’ treatment with thymectomy only 
potentially improving the clinical outcome.

To overcome this problem of uncertainty, risk fac-
tors associated with the generalization of OoMG 
have been identified in order to tailor the treat-
ment, aiming at protection of patients with a low 
risk of generalization from exposure to thymec-
tomy and improving the clinical outcomes of those 
with a high risk.5–11 In the context of tailored treat-
ment, a predictive tool of the development of sec-
ondary generalization for patients with OoMG 
could be helpful for making treatment decisions. A 
previous study has developed a scoring system 
based on a cohort of 101 patients to stratify patients 
with OoMG based on the risk of conversion to 
gMG.15 This scoring system includes three inde-
pendent variables: presence of one or more comor-
bidities, anti-AChR antibody status, and thymic 
hyperplasia which is often difficult to identify from 
imaging only.16 Importantly, this study reveals that 
patients with OoMG might have different risk lev-
els of conversion to gMG, and it is possible to 
stratify patients according to the generalization 
risk. Therefore, our study aimed to develop and 
externally validate a multivariable prediction 
model based on routine clinical variables to predict 

the development of secondary generalization in 
MG patients with purely ocular symptoms at 
onset.

Methods

Study design
This is a dual-center retrospective observational 
consecutive case series study, which was con-
ducted in accordance with the Declaration of 
Helsinki and proved by the Ethics Committees of 
both Charite University Hospital Berlin 
(EA1/025/11) and the First Affiliated Hospital of 
Zhengzhou University (2020-KY-231). Written 
informed consent for the use of clinical data was 
waived for the Chinese cohort, and it was not 
necessary for the German cohort according to the 
§ 25 of State Hospital Act of Berlin.

Study population
The German cohort was used to develop the mul-
tivariable prediction model, and the Chinese 
cohort was used for validation. The German 
cohort was retrieved from an MG database at the 
Integrated Center for Myasthenia Gravis in 
Charite, Berlin, in October 2019. Since the data-
base was considered a non-thymectomy MG 
database, patients who had a mediastinal tumor 
on the imaging findings and those who under-
went thymectomy were excluded at first hand. 
The Chinese cohort consists of patients who pre-
sented to the First Affiliated Hospital of 
Zhengzhou University for the diagnosis or further 
treatment of OoMG between January 2012 and 
January 2020. The exclusion criteria are as fol-
lows: unconfirmed diagnosis of OoMG, accept-
ance of treatment with thymectomy, missing data 
on the development of secondary generalization 
or time from disease onset to secondary generali-
zation, follow-up time less than 6 months, and 
development of secondary generalization within 
6 months after disease onset.

In this study, a confirmed diagnosis of OoMG was 
made according to typical symptoms (e.g. ptosis 
and/or diplopia) and one or more positive findings 
from the following examinations: seropositivity for 
related autoantibodies (e.g. anti-AChR antibody 
titer >0.45 nM or antibody against muscle-spe-
cific tyrosine kinase [MuSK] > 0.4 U/ml), elec-
trophysiologic tests (e.g. repetitive nerve 
stimulation electromyography and/or single-fiber 
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electromyography), and Tensilon test. Computed 
tomography of the chest was routinely used to 
screen for thymic epithelial tumor once a diagno-
sis of MG was confirmed.

Outcome and predictors
The primary outcome measures were the devel-
opment of secondary generalization and time to 
generalization after disease onset. The develop-
ment of secondary generalization was evaluated 
and confirmed by the neurologists at each center 
according to the first presence of generalized 
symptoms, such as arm weakness, leg weakness, 
speaking disorder, chewing problems, and respir-
atory shortness, after excluding other differential 
diagnoses. Time to generalization was defined as 
the duration from symptoms onset to the devel-
opment of generalized symptoms.

Several routine clinical variables were selected 
according to the clinical experience and potential 
predictors reported in the previous studies.5–11 Sex, 
age at disease onset, titer of anti-AChR antibody, 
status of anti-MuSK antibody test, status of anti-
Titin antibody test, response to Tensilon test, sta-
tus of repetitive nerve stimulation electromyography 
test, presence of other autoimmune disease 
(OAID) and corticosteroids use within 6 months 
after disease onset were collected from the hospital 
information system. Most patients had tested the 
anti-AChR antibody test for several times, but only 
the earliest available titer before generalization was 
chosen for analyses. Anti-MuSK antibody titer 
over 0.4 U/ml was defined as positive, otherwise 
negative. In terms of repetitive nerve stimulation 
electromyography, positive findings were defined 
as decrease in the amplitude not less than 10%. 
The use of corticosteroids was defined as any 
record of corticosteroids agents (prednisolone, 
prednisone, and methylprednisolone) use for the 
treatment of OoMG from the hospital information 
system. Since we did not document data of time to 
diagnosis and it is frequently reported to be 3 to 
5 months,15,17 we set time 0 as 6 months after dis-
ease onset. Therefore, early corticosteroids use is 
defined as requirement for corticosteroids in the 
first 6 months, and the model can be applied at 
6 months after disease onset.

Missing data
Variables with more than 20% missing data were 
excluded for analysis, such as status of anti-Titin 

antibody test, response to Tensilon test, and sta-
tus of repetitive nerve stimulation electromyogra-
phy test in our case.18 Remaining missing data 
were handled by multiple imputation using ‘mice’ 
package; five complete databases were created 
after imputation, but only the median values of 
the imputed ones were chosen for final analyses.

Statistical analyses
All the analyses were performed using R statistical 
software version 3.6.3.19 Categorical variables 
were shown as numbers and frequencies. 
Continuous variables were shown as mean ± SD 
if normally distributed or median (interquartile 
range, IQR) if not. Normal distribution was tested 
using Shapiro–Wilk test. Regarding the sample 
size, the number of variables was selected in 
accordance with the rule of at least 10 events per 
variable.18 The possible non-linear effect of the 
clinical variables on the secondary generalization 
was explored using restricted cubic splines. 
Splines were prepared with knot placement based 
on the Akaike information criterion (AIC). All 
interactions with age at onset and anti-AChR 
antibody titer were explored. Time-varying effect 
was examined using survival analysis and general-
ized additive model with ‘survival’, ‘rms’, ‘pam-
mtools’, ‘visreg’, and ‘mgcv’ packages18,20–23 and 
illustrated as three-dimensional perspective plots 
and contour maps. Since the proportional hazard 
assumption was violated, a log-normal acceler-
ated failure time (AFT) model was used instead 
of a Cox proportional hazard regression model. In 
AFT models, predictors act multiplicatively on 
the time to event or additively on the log time to 
event, the exponentiated coefficients are repre-
sented as time ratios (TRs). A TR larger than 1 
indicates a prolongation of the time to event, 
while a TR smaller than 1 implies a shortening of 
the time to event. Therefore, the median time to 
event would be halved if the regression coefficient 
of a binary variable equals to log(0.5).

Independent variables were selected using the 
backward elimination method based on the AIC. 
A redundancy analysis was then performed to 
delete any variables that could be predicted by the 
remaining ones. The adequacy of the log-normal 
AFT model was checked by overlaying the Kaplan–
Meier estimates of the distribution of the residuals 
with the theoretical Gaussian one. The independ-
ent variables were integrated in a nomogram to 
represent the final model. The model performance 
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was evaluated by calibration and discrimination. 
The calibration curves were plotted using boot-
strap validation with 400 bootstrap replications 
and 60 patients per group, in order to show the 
relationship between the predicted outcome prob-
abilities and the observed outcome probabilities. 
The discrimination was evaluated using Harrell’s 
C-index (also named concordance statistic).

Results

Patients and clinical characteristics
A study flowchart briefly summarizes the recruit-
ment of patients (Figure 1). Regarding the 
German cohort, out of 498 patients 275 (among 
them 37.8% were female) with a median age at 
disease onset of 61 (47–71) years who initially 
presented with purely ocular symptoms were 
included for further analyses. In terms of the 
Chinese cohort, 202 out of 587 patients (46% 
female) with a median age of 49 (27, 61) years 
were eligible for inclusion (Table 1). In the 
Chinese cohort, the median age at disease onset is 
lower as compared with the German cohort 
(Table 1). Notably, less than 10% patients started 
using corticosteroids within 6 months after dis-
ease onset in the German cohort, while about 
40% did so in the Chinese cohort.

Outcome
In the German cohort, 37.5% of patients devel-
oped a gMG with a median follow-up time of 69 
(32–116) months. In the 103 patients who devel-
oped secondary generalization, the median time to 
generalization was 29 (16–71) months. The esti-
mated cumulative probabilities of generalization 
were 18.5% [95% CI (confidence interval), 13.6–
23.1%], 30.5% (95% CI, 24.3–36.2%) and 48.5% 
(95% CI, 39.7–56.1%) at 2, 5, and 10 years after 
disease onset, respectively. Supplemental eTable 1 
summarizes the generalization outcome in the 
whole cohort, the German cohort, and the Chinese 
cohort. The estimated cumulative generalization 
rates at different time points were calculated using 
the Kaplan–Meier method in the whole cohort 
(Figure 2(a)), the German cohort (Figure 2(b)), 
and the Chinese cohort (Figure 2(c)), respectively.

Model development
A non-linear effect was not identified, but non-pro-
portionality of hazards was found in age at onset 
(p = 0.021), not in titer of anti-AChR antibody 
(p = 0.323). Moreover, Somers’ Dxy rank correla-
tion between the potential predictors and original 
survival time showed that age at disease onset was 
closely correlated with generalization-free survival 
(Supplemental eFigure 1). The three-dimensional 

Figure 1. Flowchart of patient selection.
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hazard ratio surface and the contour map for age at 
onset [Figure 3(a) and (b)] and titer of anti-AChR 
antibody [Figure 3(c) and (d)] were shown in 
Figure 3. Interestingly, the overall effect slightly 
increased within the first 2–3 years after disease 
onset and then gradually decreased over time. The 
prognostic effects of age at onset [Figure 3(a) and 
(b)] and anti-AChR antibody titer [Figure 3(c) and 
(d)] were diluted if a patient survived long enough 
without developing generalization of OoMG. The 
non-proportionality of hazards consists of longer 
time being associated with a lower risk of generali-
zation, but about 4 years after disease onset, the risk 
of generalization started to increase for patients 
with an age at disease onset older than 75 years.

The log-normal AFT model adequately fitted the 
data with respect to the selected potential predic-
tors (Supplemental eFigure 2). Five variables, 

sex, titer of anti-AChR antibody, status of anti-
MuSK antibody, age at disease onset, and OAID, 
were independently associated with the develop-
ment of secondary generalization according to 
the change of AIC. No redundancy was detected 
among the variables. Table 2 and Figure 4 sum-
marize the estimated TRs of secondary generali-
zation for default settings of predictors. An 
increase in anti-AChR Ab titer from 0.43 to 9.95 
nM shortened the time to generalization by about 
7%. Besides, a change in age at onset from 47 to 
71 shortened the median generalization-free sur-
vival time by 17%. Internal validation using the 
bootstrap showed an adequate calibration [Figure 
5(a)–(c)] and a moderate discriminative ability 
with a C-index of 0.667 (95% CI, 0.594–0.713). 
Furthermore, R2 = 0.127 shows that the study 
model can explain 12.7% of the variation in the 
outcome.

Table 1. Baseline characteristics.

Characteristic German cohort (n = 275) Chinese cohort (n = 202)

Sex, n (%)

 Male 171 (62.2%) 109 (54.0%)

 Female 104 (37.8%) 93 (46.0%)

Anti-AChR Ab titer [median (IQR)], nmol/La 2.20 [0.42, 10.00] 1.96 [0.26, 8.62]

Anti-MuSK Ab, n (%)

 Negative 251 (91.3%) 140 (69.3%)

 Positive 2 (0.7%) 2 (1.0%)

 Missing data 22 (8%) 60 (29.7%)

OAID

 No 236 (85.8%) 173 (85.6%)

 Yes 39 (14.2%) 29 (14.4%)

Age at disease onset [median (IQR)], years 61.0 [47.0, 71.0] 49.0 [27.0, 61.0]

Early corticosteroids use, n (%)

 No 249 (90.5%) 122 (60.4%)

 Yes 24 (8.7%) 80 (39.6%)

 Missing data 2 (0.7%) 0 (0%)

Anti-AChR Ab, antibody against acetylcholine receptor; Anti-MuSK Ab, antibody against muscle-specific tyrosine kinase; 
IQR, interquartile range; OAID, other autoimmune disease.
aFifty patients had missing data regarding anti-AChR Ab titer, including 26 (9.5%) patients in the German cohort and 24 
(11.9%) patients in the Chinese cohort.
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Model validation
The model was then externally validated in a 
Chinese cohort. The calibration curves showed 
a good agreement between the predicted out-
come probabilities and the observed outcome 
frequencies [Figure 5(d)–(f)]. Likewise, the 
model had a moderate discriminative ability 

which was indicated by a C-index of 0.670 (95% 
CI, 0.602–0.738). Figure 6 shows a nomogram 
which graphically represents the final model. 
The underlying equation of the model 
(Supplementary 1) with a detailed example 
(Supplemental eFigure 3) of its use is presented 
in the supplementary data.

Figure 2. Kaplan–Meier curves for cumulative generalization probability in the whole cohort (a), the German cohort (b), and the 
Chinese cohort (c).

https://journals.sagepub.com/home/tan
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Discussion
To our knowledge, this is the largest series pub-
lished to date aiming at prediction of the individ-
ual risk for secondary generalization of OoMG at 
6 months after disease onset. A multivariable pre-
diction model was developed based on 275 
patients from a German cohort and then vali-
dated in a Chinese cohort according to the 
TRIPOD reporting guideline.24 The predictors, 

including sex, titer of anti-AChR antibody, status 
of anti-MuSK antibody, age at disease onset, and 
the presence of OAID, are routinely available in 
the clinical practice. The study model showed an 
adequate calibration and a moderate discrimina-
tion at both strong internal validation and exter-
nal validation. A nomogram was proposed to 
graphically represent the study model and make it 
easy to use at the bedside.

Figure 3. The three-dimensional hazard ratio surface plots and the contour maps demonstrating time-varying effects of age at 
onset and anti-AChR Ab titer. (a) The three-dimensional surface showed the relations between any two variables of time, age at 
onset, and hazard ratio for generalization-free survival on the x-, y-, and z-axes. (b) The contour map uses a color gradient to 
visualize the effect of time and age at onset on the hazard ratio, where the dark shades of red imply an increase and the darker 
shades of blue denote a decrease in the hazard ratio. (c) The three-dimensional surface plot for anti-AChR Ab titer. (d) The contour 
map for anti-AChR Ab titer.

https://journals.sagepub.com/home/tan
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The study model was specifically designed to be 
used in the clinical practice with the aim of better 
informing the risk of generalization for nonsurgi-
cal patients with OoMG, thereby potentially 
improving the clinical decision-making process. 
Thus, only variables which are widely used in 
clinical practice and frequently reported to be 
associated with the development of generalization 
were included for analyses.5–11 They are all poten-
tial predictors of generalization, but their com-
bined predictive ability has not been assessed 
before. Although several studies have shed light 
on the association between thymic hyperplasia 
and the development of generalization of 
OoMG,15,25 we did not include thymic hyperpla-
sia as a potential variable, because it is, at least for 
some, difficult to differentiate lymphoid follicular 
hyperplasia from true thymic hyperplasia, normal 
thymus, and thymic involution.16 Moreover, it is 
worth mentioning the application criteria of this 
study model: a confirmed diagnosis of OoMG 
according to the diagnosis criteria of the study, at 
6 months after disease onset, no surgical treat-
ment (thymectomy) and no suspicious mediasti-
nal lesion on the imaging studies.

In the whole cohort, with a median follow-up 
time of 60 (32–97.5) months, 165 of 477 (34.6%) 
patients developed secondary generalization, 
which is comparable with that reported in the 
previous studies (9.4–73.7%).7,8,10,11,26 The 
reported rate of generalization in patients with 
OoMG varies significantly among different stud-
ies, mainly because many factors could influence 
its occurrence, including, but not limited to, 
patient characteristics, thymic histopathology, 
medications, and physical and emotional 
stress.6–11 The rate of generalization in the 
Chinese cohort (30.7%) was slightly lower than 
that in the German cohort (37.5%), and the 
median time to generalization in the Chinese 
cohort (18, IQR, 11–38, months) was also shorter 
than that in the German cohort (29, IQR, 16–71, 
months). A previous study also indicated the 
existence of ethnicity-based differences in MG.27 
As to the non-linear effect of age at onset, espe-
cially in patients older than 75 years, the effect 
was only diluted temporally after the first 2–3 years 
and later started to increase at about 4 years after 
disease onset. This sheds light on the importance 
of the predictive value of age at onset over time 
and seems to be in line with the conversion 

Table 2. Estimated survival time ratios for default settings of predictors in 
the final AFT model to predict generalization in patients with OMG.

Variable TR (95% CI) p value ∆AICa

Anti-AChR Ab titer, nM, 0.43 
vs. 9.95

0.93 (0.56–1.56) 0.1108 –1.8

Age at onset, years, 47 vs. 71 0.83 (0.44–1.54) 0.1675 –7.4

Sex, male vs. female 0.48 (0.31–0.75) <0.0001 –8.6

Anti-MuSK Ab, negative vs. 
positive

0.06 (0.01–0.48) 0.0075 –5.1

OAID, no vs. yes 0.64 (0.36–1.13) 0.1245 –0.3

AFT, accelerated failure time; ∆AIC, change in Akaike information criterion; Anti-
AChR Ab titer, antibody titer against acetylcholine receptor; Anti-MuSK Ab, antibody 
against muscle-specific tyrosine kinase; CI, confidence interval; OAID, other 
autoimmune disease; TR, time ratio.
Note that the default values of the continuous predictors were lower quartiles and 
upper quartiles. TRs are derived from a multivariable log-normal AFT model and 
represent its exponentiated coefficients. TR < 1 means that a change in the value 
of the covariate is associated with shorter generalization-free survival, and TR > 1 
indicates that a change in the value of the covariate is associated with longer 
generalization-free survival. For example, when anti-AChR Ab titer changes from 
0.43nM to 9.95 nM, median generalization-free survival time decreases by about 
7%; when age at disease onset changes from 47 to 71, median generalization-free 
survival time decreases by 17%.
aA negative value implies that the variable improves the model and should not be 
eliminated.

Figure 4. Visualization of the estimated survival time ratios for default 
settings of predictors in the final AFT model.
AFT, accelerated failure time; Anti-AChR Ab titer, antibody titer against acetylcholine 
receptor; Anti-MuSK Ab, antibody against muscle-specific tyrosine kinase;  
OAID, other autoimmune disease; TR, time ratio.
Note that the default values of the continuous predictors were lower quartiles and 
upper quartiles. TRs are derived from a multivariable log-normal AFT model and 
represent its exponentiated coefficients. TR < 1 means that a change in the value 
of the covariate is associated with shorter generalization-free survival, and TR > 1 
indicates that a change in the value of the covariate is associated with longer 
generalization-free survival. For example, when anti-AChR Ab titer changes from 
0.43 to 9.95 nM, median generalization-free survival time decreases by about 7%; 
when age at disease onset changes from 47 to 71, median generalization-free 
survival time decreases by 17%.
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Figure 5. Internal and external validation of calibration curves. Internal bootstrap validation for predicting generalization within 2 
year (a), 5 years (b), and 10 years (c) after disease onset. Red dots represent calibration accuracy, blue vertical bars show 95% CIs, 
and the blue diagonal dotted line depicts the ideal relationship. External validation for predicting generalization within 2 year (d), 
5 years (e), and 10 years (f).
CIs, confidence intervals.

https://journals.sagepub.com/home/tan


TherapeuTic advances in 
neurological disorders Volume 15

10 journals.sagepub.com/home/tan

distribution in this population (Supplemental 
eFigure 4). The conversion percent was large 
within the first 2–3 years after disease onset, and 
got smaller shortly afterwards, but in patients 
older than 75 years at onset, the conversion per-
cent was also large at the sixth year after disease 
onset. Besides, comorbid autoimmune diseases 
are not uncommon in patients with MG, the most 
common ones were Graves’ disease, Hashimoto’s 
disease, rheumatoid arthritis, multiple sclerosis, 
systemic lupus erythematosus, type I diabetes, 
pernicious anemia, Sjoegren’s syndrome, Crohn’s 
disease, and ulcerative colitis.28 About 15% of 
patients in our study have OAIDs, which is in line 

with the data of previous studies.29,30 A predictive 
role of comorbid autoimmune disease in the 
development of generalization of OoMG was also 
observed in our study, similar to the findings of a 
previous study.15 Interestingly, the usage of corti-
costeroids within the first 6 months was not inde-
pendently associated with the development of 
generalization. This is contrary to our common 
knowledge that the usage of corticosteroids might 
reduce the rate of generalization of OoMG.8,10,26 
It is possibly because the number of patients 
(24/275) who started using corticosteroids agents 
in the first 6 months was small, and the non-users 
here also included patients who started using 

Figure 6. Nomogram for predicting median generalization-free survival time and 2-, 5-, and 10-year 
generalization probability, based on the final AFT model.
AFT, accelerated failure time; Anti-AChR Ab titer, antibody titer against acetylcholine receptor; Anti-MuSK Ab, antibody 
against muscle-specific tyrosine kinase; OAID, other autoimmune disease; TR, time ratio.
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corticosteroids agents after 6 months from disease 
onset. Also, data on the usage of non-steroid 
immunosuppressants within the 6 months after 
disease onset were not included for analyses, 
which might influence the impact of the usage of 
corticosteroids agents and introduce bias to the 
prediction model. However, a cut-off timepoint, 
at 6 months for the study, had to be chosen so 
that the prediction model can be applied at this 
time point. Not surprisingly, post hoc analyses 
using Kaplan–Meier method showed that OoMG 
patients who received treatment with corticoster-
oids, regardless of the start time, had a lower 
cumulative generalization probability than those 
who did not (Supplemental eFigure 5). Although 
positivity for anti-MuSK antibody was signifi-
cantly associated with the generalization of 
OoMG, thymectomy is not likely to benefit these 
patients according to the current evidence from 
previous studies.31,32

The most important limitation of the study lies in 
the retrospective study design. Patients who were 
lost to follow-up, those with missing data of sec-
ondary generalization, those who had a mediasti-
nal tumor on the imaging findings, and those who 
underwent thymectomy were excluded for analy-
ses, which might introduce selection bias. Besides, 
some potential predictors were not included for 
analyses because they were either hardly available 
for a retrospective review, for example, use of 
cautionary drugs for MG, mood fluctuations, 
infections and surgery or trauma,6 or only tested 
in a small amount of patients, for example, status 
of repetitive nerve stimulation electromyography 
test and status of anti-Titin antibody test.11 Also, 
the earliest available titer of anti-AChR antibody 
were collected, but the exact tested time point 
(disease duration) and antibody test assay might 
vary individually, which makes the interpretation 
difficult.

The study has several additional limitations. 
First, the model’s usefulness is probably lim-
ited. The study model was developed based on 
a small range of all patients in Germany and 
then validated in a small cohort from China. 
Besides, we only included patients who met the 
OoMG diagnosis criteria of the study. Second, 
given the complexity and variety of the disease 
course, further external validation with prospec-
tive database should be performed to validate or 
even update our model. Third, the number of 
patients with MuSK antibody is pretty small 

due to its low incidence, which might introduce 
bias to the prediction model. Since the underly-
ing pathogenetic mechanisms of the generaliza-
tion might not be fundamentally associated with 
and totally reflected by the routine clinical vari-
ables, further research should explore the role of 
genomic data modeling in predicting the devel-
opment of secondary generalization. The genetic 
and clinical characteristics of MG might vary by 
geographic location and ethnic origin.33–35 The 
performance of the prediction model is fair, but 
not excellent, perhaps due to genetic factors. A 
recent meta-analysis showed that the HLA-
DRB1 07 allele might be a risk factor for Asian 
patients with late-onset MG but not in 
Caucasian patients.35 On the contrary, HLA-
DRB1 04 and 14 alleles were associated with 
late-onset MG in Caucasian patients, but not in 
Asian patients.35 As to non-HLA genes, 
PTPN22, CTLA4, and FOXP3 were frequently 
reported to be associated with MG.36–38 A previ-
ous meta-analysis showed that PTPN22 R620 
W polymorphism is associated with MG risk in 
Caucasian patients in a geography-dependent 
manner.39

The study model has several practical applica-
tions. First, it could be used to stratify patients 
with OoMG according to the generalization risk. 
This might be useful for patient enrollment strat-
egy in clinical trials. Targeted selection OoMG 
patients with a high risk of generalization is effi-
cient and cost-effective. Second, the study model 
could move a step forward to precision medicine 
in the treatment of OoMG. Because it assigns 
each patient, a specific value of time to generali-
zation and probabilities of developing secondary 
generalization at different time points. Patients 
with a high risk of generalization have a short time 
to generalization and high probability of develop-
ing generalization. These patients could be 
offered more ‘aggressive’ treatment to prevent the 
development of generalization, for example, cor-
ticosteroids agents and/or thymectomy. Third, 
the study model might facilitate the application of 
the early fast-acting treatment strategy for the 
treatment of OoMG, which might improve the 
clinical outcomes.40 Moreover, a previous study 
also demonstrated that early thymectomy is more 
likely to offer patients with OoMG better clinical 
outcomes.14

Given the lack of practical prediction models in 
this setting, we developed a useful model to 
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predict the generalization of OoMG in patients 
with purely ocular symptoms at disease onset. All 
the predictors are easily, rapidly, and routinely 
available in the clinical practice. The nomogram 
based on the study model can better inform both 
patients and physicians the risk of generalization 
in a personalized manner, thereby improving the 
clinical decision-making process and providing 
risk stratification in future clinical trials. Further 
prospective data are in need to validate or update 
the prediction model.
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